The dissociation process of powdered and lumpy siderite ore in the helium, carbon dioxide and air atmospheres is studied with the use of OD-102 derivatograph. The dependences of dissociation degrees and rates from the temperature are received through thermograms processing. The kinetic equations of powders dissociation from the siderite ore are obtained with the help of complex method. It is determined that found regularities also remain unchanged for the lumpy materials. However, the temperature intervals of decomposition will be different. The received results may be used for optimization of thermal conditions of siderite ore burning in the shaft furnaces which heating causes the decomposition of carbonates within iron-bearing minerals, as well as further endothermic effects. They are necessary to compare the material and heat balances of roasting process, which provide an opportunity to properly determine the fuel-consumption rate and work out recommendations for its lowering. Moreover, they are necessary to optimize the design and operating parameters of thermal treatment of siderite ore in the shaft furnaces, which ensure the obtaining of roasted siderite ore in accordance with the requirements applicable to the quality of raw materials during the blast-furnace production. Furthermore, they may be used when working out the methods of reducing roasting and further receiving of metalized iron product rich in iron.
Introduction
The reactions proceeding during the heating of siderite ore in the different gas environments are specified in works [1] [2] [3] [4] [5] [6] [7] [8] . These works analyze the processes of dissociation of finely dispersed siderite ore in the kinetic area. The chemical regularities of roasting of the lumpy polycrystalline ores to which the siderite ore also belongs will differ due TIM'2018 to the various mass transfer conditions. The information on this issue is insufficient to date.
Resulting from the use of roasted lumpy Bakal siderite ore in the blast furnaces, the issues on both the rate of decarbonization processes and giving the definite mechanical properties to the roasted prills that ensure the minimal smalls formation during transportation and loading to the shaft furnace are thrown into sharp relief. In order to solve this problem, it is necessary to combine the macro-and micrographical investigations with the kinetic and phase analyses.
As the dissociation of lumpy siderite ores in the shaft furnaces flows in the conditions of continuous temperature increase and changeable gas-phase composition, the goal of this work was to envisage this process in the non-isothermal conditions, as well as various gas environments.
Experimental Research of Decarbonization Processes
In this article the dissociation kinetics of powdered (0-0.05 mm) and lumpy (12×12×12 mm) Bakal siderite ore was studied with the help of Hungarian OD-102 derivatograph with the power unit of increased output that allows increasing of maximal heating temperature to 1,220 ∘ C. The tests were carried out in the gas environments (He, CO 2 , air) which composition was controlled through sampling of operating space. The powdered ore was studied in the beginning. The dependences of dissociation degree and rate on the temperature were obtained through processing the thermograms received in the helium, carbon dioxide and air atmospheres. The typical dependences (e.g., heating in the air atmosphere) are shown in Figure 1 . The dissociation of mineral is described by the single differentially thermographic curve without divided temperature intervals of ferrous carbonate, magnesium and manganese decomposition. The temperatures of reaction beginning and end at 10 ∘ C/min heating rate were changed due to the composition of gas environment. The lowest thermal resistance was marked in the neutral atmosphere (Table 1) .
To find out the process mechanism and obtain the kinetic parameters of decomposition at the non-isothermal heating, the complex method based on the assumption that non-isothermal reaction in the infinitely small time range may be regarded as isothermal one was used. Thereafter, [9] give the generalized kinetic equation for the infinitely small time range:
where α -process timing extent; τ -time; E -activation energy; R -universal gas constant; T -absolute temperature; f(α) -function of conversion degree which form is determined by the process mechanism.
Taking integral of equation (1) at the constant heating rate / = , we obtain:
TIM'2018
equation (2) can be written as:
Integrating p(T) by parts, we transform the equation (3) as follows:
where Taking the logarithms of equation (4), we obtain:
If E ≥ 84 kJ/mol lgp'(T) will be proportional to T −1 and equation (3) can be written as follows:
where К 0 -proportionality factor.
If the formula for g(α) function is obtained, the linear connection of lg ( ) − −1 coordinates will be observed in case of experiment correspondence and made assumptions.
To primarily estimate the magnitude of activation energy, we used Freeman-Carrol method [6] due to which the following equation is true for the majority of solid-phase
TIM'2018 where 3 = − ; W -maximal weight loss during dissociation; W -weight loss up to τ time; n -apparent orders of reaction.
To represent the equation (7), the thermographic and differentially thermographic curves were divided into 8-10 parts. ΔT 
The equation (8) received by the author [6] on the hypothesis that the crystalchemical act consisting in the accidental nucleus formation is a process, which determines the reaction rate on the interphase boundary of solid reagent and reaction product. Notably, the new phase is formed not only by the emergence of nucleating centers of equal size, but also due to the growth of existing ones.
Therefore, the connection of powdered ore dissociation degree with the time and temperature in the non-isothermal heating mode is described by means of equation (3) when ( where α -dissociation degree, fry unit.; w -heating rate, ∘ C/min; T -temperature, К; E 0 (x) and E (-x) -integral exponents.
The analysis of reduced equations shows that the significant differences relating to the dissociation rate in the air and carbon dioxide atmospheres are not found.
The obtained regularities of finely dispersed powders dissociation remain unchanged for lumpy materials in many ways. Using thermograms made in the helium, carbon dioxide and air atmospheres it is determined that decarbonization of isomorphous mixture of iron, magnesium and manganese also runs simultaneously.
However, the decomposition temperature interval at the heating rate of 10 ∘ C/min is increased by 100-150 ∘ C (in comparison with powders) as it can be seen from It is necessary to admit that weight lost in the air and CO 2 atmospheres before oxidation start during prill roasting was the same being equal to 35 % wt at 4 and 10 ∘ C/min heating rate. The weight loss was greater (37-40%) for helium atmosphere with the similar heating rates.
Thus, the gas-dynamic prop of reaction products evolved in the course of decarbonization complicates the passing of air and CO2 from in the furnace atmosphere into the internal prill regions. Therefore, the reaction is to be considered in both cases as that proceeding in the same atmosphere that is similar to the composition of CO 2 with some CO additives resulting from 3 + 2 = 3 4 + reaction.
Summary
The dissociation process of siderite ore of different fineness and in various gas environments was studied by means of derivatographic method. The data on kinetics of carbonates decomposition process in the iron-bearing mineral were obtained, and the kinetic equations connecting the dissociation degree of carbonates with the temperature were developed based on complex method. The received data may be used when optimizing the operating parameters of siderite ore roasting in the shaft furnaces.
